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COMPARATIVE  CHARACTERISTICS  nr  PRODUCTIVENESS  or  VARIOUS 
’METHODS  0^  PLACrUE  IMMUNIZATION 

V.  I.  Agafonov,  ih/i.  Babkin,  P.  0.  ^rdovin,  T T . M.  Vorobeichikov, 

A.  A. 

V.  I. 

amaliyev,  I.  I.  Kamalov,  'r,  V.  Kvirikadze,  P.  A.  Kutyrev,  o.  P, 

visnikov,  V.  P.  ^ushkarev,  T).  A.  Rozhdestvensky. 

M/lcJ  A<c/*n,j  )'»,«*;  $ M fci  n>v  1 '1T2) 

In  the  total  system  of  antl-eoidemic  measures  conducted  with 
the  purpose  of  preventing  infectious  diseases,  a significant  place 
belongs  to  preventive  inoculations.  Here,  the  results  of  inocula- 
tions are  determined  to  a significant  degree  not  only  by  the  ef- 
fectiveness of  the  vaccine  prenarations , but  also  by  the  produc- 
tiveness of  the  immunization  methods  being  used. 

The  subcutaneous  (syringe)  and  skin  (scarification)  immuni- 
zation methods  against  plagues  which  exist  at  the  present  time  and 
are  officially  accepted  for  practical  use  are  unproductive,  they 
require  a large  number  of  qualified  medical  personnel  for  their 
conductiffttr,  and  they  do  not  ensure  vaccination  of  large  contin- 
gents of  people  In  a short  period, 

"Tie  searches  ror  methods  o*  mass  immunization  began  relatively 
long  ago,  although  their  wide  study  and  Introduction  Into  practice 
was  only  recently  realized. 

Thle  subcutaneous  (syringe)  method,  although  it  is  also  charac- 
terized by  low  productiveness , has  been  a popular  immunization  me- 
thod up  until  now.  Subcutaneous  Inoculations  were  only  permitted 
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to  be  done  by  a doctor,  and  in  unusual  circumstances  - by  an  ex- 
perienced doctor's  assistant  under  the  doctor's  observation.  A 
specially  prepared  place  is  necessary  ♦‘or  conductinr*  a subcutane- 
ous vaccination.  Inoculations  are  given  with  strict  observance  of 
the  aseptic  standards. 

The  data  in  the  literature  (table  1)  confirm  that  the  produc- 

'fhc  ~f  >*- 

tiveness  of^ subcutaneous  (syrinre)  method  with  the  work  of  a won 

of  3-l|  men  fluctuates  from  30  to  50  men  per  hour.  These  results 
are  also  corroborated  by  our  observations  (1970)  - with  subcuta- 
neous immunization  of  people  with  typhoid  vaccine  with  sextana- 
toxine,  a team  of  4 men  vaccinated  A0-5O  man.  oer  hour.  Higher  re- 
sults, obtained  by  verkholomov  et  al  (1958),  were  explained  first 
o'*  all  by  the  fact  that  they  did  not  consider  the  initial  time  ex- 
pended for  the  preparatory  measures  and,  moreover,  they  had  a 

larre  number  of  syringes  and  needles  at  their  disposal,  and  there- 
in! V< 

fore  the  costs  for  sterilizing  the  -tee-ling  were  minimum. 

The  skin  method  was  even  more  labor-consuming  as  compared  with 
the  subcutaneous  (method).  The  skin,  as  well  as  the  subcutaneous, 
immunization  can  be  conducted  only  in  a specially  prepared  Place 
with  strict  observance  of  asentic  standards;  for  riving  skin  inocu- 
lations experienced  and  trained  vaccinators  are  reouired. 

According  to  the  data  from  the  literature,  the  productiveness 
of  the  skin  method  is  still  less  than  the  subcutaneous  and  fluctu- 
ates from  10  to  Ao  men  per  hour.  The  time  expended  for  immunizin'’' 
one  person  fluctuated  from  2 to  8 minutes.  During  a work  day  a 
team  can  inoculate  from  75  to  250  people.  The  authors  9o«4uct  a 
calculation  o**  the  productiveness  of  one  inoculation  team  without 


a more  exact  definition  of  its  numerical  make-uo  (table  2). 


In  I960  during  the  outbreak  of  natural  smallpox  in  Moscow, 

6, *1611,865  people  were  vaccinated  in  5 days.  This  work  drew  more 
than  267,000  medical  workers  and  created  11,013  inoculating  teams. 
rn  the  averare,  each  team  inoculated  about  550  peorle  for  the  5 
days,  i.e.  110  men  per  day  (Lebedinskiy,  1971). 

The  needleless  (.let)  method,  retaining  the  basic  advantages 
of  the  subcutaneous  method  (strictly  controlled  individual  injec- 
tion of  the  preparation  with  accurate  dosiny) , is  distinguished 
from  it  by  its  hip;h  productiveness  (table  3).  The  wide  practice  of 
mass  immunization  by  the  needleless  method  shows  that  dependinm  on 
the  type  (model)  of  the  injector  used  and  on  the  specific  condi- 
tions its  productiveness  fluctuates  from  1000  to  1500  people  per 
hour.  The  rreatest  productiveness  was  recorded  with  the  use  of  in- 
jectors with  an  electric  drive  (Malti-Jet)  and  pneumatic  injec- 
tors. 

"he  aerosol  method  is  hirhly  productive.  Aleksandrov  et  al 

(1961)  show  that  they  inoculated  800  people  per  hour  with  the  si- 
’s 

rultaneous  work  in  two  rooms  each  with  a volume  of  100  m . Accor- 
ding to  the  generalized  data  of  Lebedinskiy  (1971)*  the  maximum 
area  used  for  vaccination  by  the  aeropenic  method  was  50  m‘- . In 
this  room  a maximum  of  200  people  can  be  inoculated  simultaneously 
(Labezov,  1967).  An  immunization  session  with  dry  dust  vaccines, 
including  preparation  of  the  vaccine,  its  loadinr  in  the  bin  of  the 
instrument,  entry  and  exit  oftnose  vaccinated,  took  25-30  minutes. 
Consenuently , *100  people  can  be  vaccinated  in  an  hour.  A calcula- 
tion  is  conducted  in  3 sessions  per  hour  for  each  aerosol  vaccine 


3 
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(table  *1)  in  conjunction  with  the  curtailment  of  the  immunization 
session  to  5 minutes,  which  permits  vaccination  of  ^00  people  in 
this  time  (Lebedinskiy,  1071). 


From  the  point  of  view  o'*  productiveness  the  peroral  method 
has  been  insufficiently  studied,  and  we  have  failed  to  find  a nv 
literar”  data  on  this  subject. 

The  purpose  of  .jj  L.itnfc  work  was  the  study  of  the  produc- 

tiveness of  methods  of  mass  immunization  (aeroqenic , needleless, 
peroral)  in  comparison  with  the  classic  [methods]  (subcutaneous, 
skin).  The  study  was  conducted  on  a sample  of  live  plaque  vaccine 
however,  the  acquired  data,  In  our  opinion,  can  be  spread  to 
other  vaccine  preparations,  also.  The  investigations  were  accom- 
plished with  mass  systematic  immunization  of  organized  collectives 
of  adults. 

T?or  a comparison  of  the  productiveness  of  various  methods  of 


■'a'*  f 

vaccination  a sinqle  method  a-f  its  calculation  was  worked  out /, 

The  ^inal  evaluation  was  done  according  to  the  formula: 

where  K - coefficient  of  productiveness;  x - number  of  people  in- 
oculated; t - total  tine  - the  time  necessary  for  preparin'*  the 
room,  equipment,  toolii>p,  and  dilution  of  the  vaccine;  the  inter- 

jf\  /hVv 

vals  connected  with  the  ventilation  of  the  room,  entry  and  exit^ 
the  room  'of  p e on le^Taers o 1 method),  chanrinrr  the  vials  op  vaccine 
(needleiess  method),  periodic  treatment  of  the  vaccinators’  hands, 
and,  finally,  the  time  for  conducting*  the  vaccination  itself;  this 

did  not  include  the  time  connected  with  organizational  nuestions 

.SjVv- 

for  ensuring  the  timely  arrival  of  people  -fee  inoculation;  m - is 
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the  make-uo  of  the  vaccinating  team  (with  testa  o^  all  methods  the 
team  consisted  o^  3 people) . 


The  vaccination  by  all  methods  was  conducted  in  individual 

r-iiiac  t 

sessions.  Continuous  vaccination  time  the  session 

with  peroral,  needleless,  syringe,  and  skin  immunization  methods. 
Their  duration  was  basically  determined  by  the  number  o**  simulta- 
neous arrivals  of  people  for  inoculation. 

The  data  which  characterize  the  productiveness  or  the  vari- 

i ^ < 

ous  immunization  methods  oorruboraled  (see  table  4)  tho  fact  that 
a great  effect  on  the  productiveness  value  was  rendered  by  the 
initial  time  expended  **or  prenaration  for  the  vaccination.  There- 
to 1 immunization  sessions  for  each  method  were  divided  into 

nd  subsequent  (reneated).  The  initial  sessions  (I)  inclu- 
de additional  time  necessary  ^or  preparing  the  room  and  eouir- 

tnS  , 

ment , for  sterilization  o^  the  tfnrl  lag,  and  dilution  o**  the  vac- 
cine. In  the  subsequent  sessions  (IT)  only  the  time  necessary  for 
pmtiipping  the  instruments,  diluting  the  vaccine,  and  a 4*o  the  in- 
tervals for  entry  and  exity  Trom  the  room  of  those  vaccinated  was 
reflected.  The  skin  and  subcutaneous  methods  in  the  subsequent  ses- 
sions also  included  the  time  expended  for  sterilization  o^  needles, 

jfi  l«&*j 

syringes,  and  vaccination  noinfra  in  the  vaccination  period  Itself. 

The  coefficient  of  productiveness  o**  the  subcutaneous  method 
of  immunization  K fluctuated  from  0.17  to  0.27  and  averaged  0.2^. 
The  throughput A of  the  3-man  ©*»^w  was  31-50  people  per  hour. 
third  f>apt-  of  the  entire  time  with  the  initial  sessions  of  immuni- 
sation was  spent  for  preparing  the  room  and  eouinnent,  and  also  ro r 
sterilization  or  the  syringes  and  needles.  In  the  subsequent  ses- 
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no  / 

sions.time  for  nrenar^nff  the 


room  Was  exnendedL  which  led  to 


a substantial  increase  In  productiveness  ( *>9-50  peoole  ner  hour 
with  K - 0.27).  Time  for  direct  injection  of  the  vaccine  fluctu- 
ated '“rom  15  to  22  seconds  for  each  person  inoculated,  representing 
an  average  of  lB  seconds.  wore  time  was  spent  for  dividin'1,  the  vi- 

SKr<"4«. 

al3,  deeding  the  vaccine  into  the  noe-elo , and  preoaring  it  for  in- 
jection 017-62  s.).  On  the  average,  1 minute  was  spent  for  conduc- 
ting one  injection. 

The  productiveness  of  the  skin  method  was  19-3*1  people  per 
hour  (average  - 28)  with  K - 9.16.  About  1.2-1. 5 minutes  was  spent 
for  each  person  vaccinated  without  consideration  of  additional 
time.  Inoculations  by  the  skin  method  were  done  on  small  grouns  of 
people,  in  different  places.  Each  time,  additional  time  was  spent 
for  nrenaring  the  room  and  enulnment  for  vaccination.  Therefore, 
all  sessions  of  immunization  were  considered  as  initial  (see  tbl. 
*0«  The  number  of  injection  joints  was  limited.  All  of  this  ad- 
versely affected  the  productiveness  of  the  method. 

The  indicators  of  nroductiveness  of  the  subcutaneous  (syringe) 
and  skin  methods  which  we  obtained  coincided  with  the  average  in- 
dicators given  by  the  other  authors  (table  5). 

With  mass  subcutaneous  Immunization  with  the  aid  of  the  BIP-Ji 

the  coefficient  of  productiveness  K fluctuated  from  2.0  to  *1.2  and 

averaged  2.^  (see  tables  4 and  5).  We  succeeded  in  vaccinatin'1’  from 

35 B to  891  people  per  hour,  which  is  an  average  of  517  peoole.  The 
of  the  Injector 

lower  productiveness^which  we  obtained  In  comparison  with  the  data 
of  the  literature  was  explained,  first  of  all,  by  the  fact  that 
with  both  the  calculation  of  the  coefficient  of  nroductiveness  K 


r 
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and  with  the  calculation  of  the  throughputs  of  the  crew  per  hour  of 
work  we  considered  the  total  time  spent  not  onlv  on  vaccination, 

in » hn 

but  also  on  preparation  of  the  room,  sterilization  of  too-linr,  etc. 
So,  durinr  the  initial  sessions  the  throurhout^was  35 3Q5  people 
per  hour  with  K = 2.0,  and  in  the  subseouent  sessions  the  produc- 
tiveness increased  by  almost  2 times  and  was  h ^ 1 people  per 
hour  with  K = 3. 4-4.2.  Of  course,  with  ensurance  or  a lar^-e  con- 
tinuous flow  o'*  people  the  time  spent  for  preoaratorv  operations 
will  not  render  such  a negative  influence  on  the  productiveness  of 

C On%' 

the  method.  If  we  owamirra  only  the  time  which  is  directly  necessary 

ta^ir  V*i 

for  needleless  vaccination,  then  the  throup;hputAor  the  crew  in  our 

investigations  reached  1320  people  ner  hour.  These  data  come  close 

to  the  results  obtained  by  ^orob’yev  et  al  (1967),  Arafonov  et  al 

clnt  -N 

(1°70),  and  also  the  indicators  yiven  in  the  instructions  for 


the  BIP-ii  instrument  (1500  people  per  hour). 

Besides  the  riven  data.  Several  structural  deficiencies  of  the 
BIP-4  inlector  also  affected  the  decrease  in  productiveness  of  the 
method. 

With  the  aerosol  method  of  immunization  we  used  a room  with  an 

p 

area  of  43-48  m‘.  The  productiveness  of  aerosol  immunization  with 

dry  (dust)  vaccine  fluctuated,  according  to  the  value  of  coeffi- 

„ Cnf  i-t  4' 

cient  K .from  1.5  to  3.4  (averare  K = 2.3),  and  the  throughout Aw?i% 

285-625  people  per  hour  (averare  419).  The  acouired  data  coincided 
with  the  results  published  earlier  (see  tables  A and  5).  "’he  pro- 
ductiveness of  immunizations  with  linuid/faerorenic  vaccine  turned 
out  to  be  hlrher:  foiooerdlii1  Tir  value  K it  fluctuated  from  2.9  to 

^ I 

Vv  capt(  % 

5.7  (average  K = 4.5)  and  tiy  throughputs-  from  516  (1st  session) 
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to  1021  oeonle  per  hour  (nth  session),  renresentinr  an  averare  o'* 
817  people  per  hour. 


The  fluctuations  of  productiveness  of  the  aerosol  method  are 
also  explained  by  the  expenditure  o'*  additional  tine  ♦‘or  nrenarino 
the  noon  and  equipment  with  the  initial  vaccination  sessions,  A c- 
cordinf  to  the  data  of  the  authors,  the  productiveness  of  immuni- 
zation with  dry  aerosol  vaccine  can  be  increased  due  to  the  shor- 

«.*.f  OS.U.X*. 

teninr  o'*  oxnarltitwn  from  15  to  5-1°  minutes.  Moreover,  it  Is 
known  that  the  productiveness  of  the  aerosol  method  can  be  sub- 
stantial^ increased  with  the  use  on  larre  rooms  and  several 
spraying  instruments. 

Finally,  immunization  with  the  aid  or  tablets  was  the  most 
productive  (see  table  4).  The  coefficient  of  productiveness  K fluc- 
tuated within  the  limits  of  4.6-6. 8 (averare  K = 5.2).  ^he  throurh- 

outrof  the  Inoculatinr  team  of  3 men  was  840-1230  people  oer  hour 

***-  consul 

(averare  n?7) . The  vaccination  technolory  was  simple  and^i nelu4ed 
the  distributions  of  tablets  and  observations  of  their  correct 
Intake.  The  vaccination  can  be  accomplished  under  any  conditions, 
and  nualified  medical  personnel  are  not  reouired  for  Its  conduc-fc. 


Mrvgj  Immunization  was  conducted 


sessions  on  205-210  people. 


^or  forminr  the  people  5 minutes  were  soent,  for  explaininr  the 

to- 

rules  t*r  takinr  the  tablets  - 2 minutes,  and  on  the  distribution 
or  the  tablets  - 3 minutes.  Thus,  preparatory  measures  took  10  min. 
'T’he  duration  of  the  vaccination  process  Itself,  determined  by  the 
tablet  resolution  time,  was  5 minutes.  The  total  time  expended  for 
one  session  was  15  min.  This  was  the  first  test  for  determininr 
the  productiveness  of  neroral  method  of  vaccination,  and,  or  course. 


it  still  does  not|__satisfactorily{~fully  characterize  i tj. 

Thus,  with  the  comparative  evaluation  of  the  various  methods 

of  vaccination  o'*  people  it  was  rfgnT^e a t ed-  thatAthe  classic  sub- 

. 

cutaneous  and  skin  methods^  aeeapdiw  to  their  productiveness)  were 
many  times  inferior  to  the  peroral,  aerosol,  and  needleless  methods 
of  inoculation,  which  can  be  rightfully  included  in  the  category 
of  methods  of  mass  immunization  of  oeoole. 


CONCLUSIONS 

1.  The  peroral,  aerosol,  and  needleless  methods  which  were 
tested  with  mass  vaccination  against  plague  showed  much  higher 
(by  10-15  times)  productiveness  in  comparison  with  the  classic 
subcutaneous  and  skin  methods. 

2.  Considering  the  absence  o'*  any  advantages  (reactivity, 

immune genici tv)  of  the  subcutaneous  and  skin  methods  in  comparison 
with  mass  methods  of  inoculations,  we  can  recommend  the  (pe- 

roral, aerosol,  needleless)  for  introduction  into  the  anti-epide- 
mic practice  of  the  struggle  against  plarue  infections. 
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TABLE  1.  Productiveness  of  the  subcutaneous  syrinre  method 

fuj  j ‘ 

(according  to  the  data  .of— the -literature*) . Key:  1 - author,  year; 

2 - comnosition  of  the  team;  3 - number  of  inoculations  per  hour; 

Ci ‘ih  } 

4 - Labezov;  5 - Verkhol omov  et  alj  6 - Lebedlnskiy^( according  to 

I * 

the  data  tm  the  instructions);  7 - men;  8 - the  authors  conducted 
simultaneous  immunization  with  the  nolyvaccine  or  the  NIISI  r.Bci- 
entific  Research  and  Testing  Sanitation  Institute]  and  with  the 
smallnox  vacftlne. 
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TABLE  2.  Productiveness  of  the  skin  ( scarification)  method  of  im- 
munization  (according  to  fehe  data  frhe--iiteratiUP9 ) . Key:  1 - au 

thor,  year;  2 - Korobkova;  3 - Nikolayevskiy ; 4 - Lebedinskiy;  5 
and  coauthors;  6 - tine  for  one  inoculation  (in  minutes);  7 - num 
ber  o*  inoculations  per  hour;  8 - number  o f inoculations  In  a day 
of  work.  m 
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TABLE  3.  Productiveness  of  ^the  needleless  (Jet)  method  of  Immuni- 

pi* 

zation  (according  to  tfce  data  6f  the  literature-) . Kev : l - author; 
2 - year,  instrument  model;  3 - number  of  inoculations  ner  hour; 

4 - Belyakov  et  al;  5 - vorob'yev  et  al;  6 - Nikolayevskiy;  7 - 
Agafonov  et  al;  8 - Instructions  & the  BTP-4;  9 - et  al;  10  - 
19^4,  first  test  model  of  the  Soviet  injector;  11  - BIP-4;  12  - 
Ped-o-Jet;  13  - BIP-4;  14  - BTP-4  - needleless  pneumatic  Injector. 
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TABLE  4.  Characteristics  of  nroductiveness  of  various  immunization 
methods.  Key:  1 - Immunization  method;  2 - seouence  of  sessions; 

3 - number  of  sessions;  4 - number  of  inoculations  per  Session; 

5 - average  time  for  one  session  (in  minutes);  6 - preparatory 
measures;  7 - vaccinations;  8 - total  working  time  per  session; 

9 - number  of  inoculations  per  hour;  10  - productiveness;  11  - sub- 
cutaneous (syringe);  12  - skin  (scarification);  13  - needleless 
(BIP-4);  14  - dr”  vaccine;  15  - liquid  vaccine;  16  - aerogenic; 

17  - oeroral  (tablets);  18  - initial;  19  - subsequent;  20  - entire-. 
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TABLE  5.  Composite  data  on  the  productiveness  of  various  immuniza- 
tion methods.  Key:  1 - productiveness  (in  peonle  per  hour)  with 
various  immunization  methods;  2 - subcutaneous;  3 - skin;  <4  - nee- 
dleless; 5 - aeromenic;  6 - dry  vaccine;  7 - liquid  vaccine;  8 - 
peroral;  9 - composite  Literature  data;  10  - in-house  data;  11  - 


average. 
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